INTRODUCTION: Studies of psychological factors in ulcerative colitis (UC) have produced inconsistent findings. This study sought to determine whether perinuclear antineutrophil cytoplasmic antibody (pANCA) demarcates subtypes which differ with respect to psychobiological interactions.
INTRODUCTION
The course of ulcerative colitis (UC) may be influenced by psychological factors, such as stress (1, 2) . The evidence, however, is inconsistent, such that some well-designed studies support a psychobiological contribution to disease relapse while others fail to show such an effect (3, 4) . A plausible explanation for these disparate findings is that disease course is vulnerable to stress in some patients, but not in all (3, 5) . Thus, the hypothesis that UC is etiologically heterogeneous may explain why studies which fail to identify and stratify by pathophysiological subtypes that moderate the relationship between experience and disease course reach differing conclusions.
While a diagnosis of depressive illness is probably not more common in UC than in healthy persons (6, 7) , depressive symptoms have been reported to be greater at times of increased disease activity (8) . Depressive symptoms may precede a relapse of disease activity in IBD (9) , although the evidence for this temporal association is not consistent (1) . Using the strategy of stratifying by psychological subtypes, we have reported that the strength of relationship between UC disease activity and concurrent depressive symptoms is moderated by attachment insecurity, a trait-like psychological vulnerability factor related to anxiety and dependency in interpersonal relationships (10) , and varies from no relationship when attachment anxiety is low to a strong relationship in patients with high attachment anxiety (11) .
If there is an important link between gut inflammation and psychological factors in a subset of UC patients, a biological marker of such patients would be useful for patient care and for research. First, markers of psychobiological subtypes could be used to identify which UC patients are appropriate for psychological interventions to prolong remission. The
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success of controlled trials to test therapeutic interventions may depend on appropriately selecting patients at high risk of stress-related relapse (5) . Finally, identification of psychobiologically distinct subtypes of UC would contribute to understanding the pathogenesis of UC.
Currently, there are no established biological markers of psychobiological risk in UC. Perinuclear antineutrophil cytoplasmic antibody (pANCA) is an immune marker that is present in up to 70% of patients with UC, but is found in only 0-5% of healthy controls (12) . pANCA is a marker of immunoregulatory disturbance in UC (13) and in various vasculidites, such as Wegener's granulomatosis, although it remains unclear what combination of genetic and environmental factors determine pANCA status (14) . Previously, we found that attachment insecurity was more common in UC when pANCA was absent as compared with pANCA positive UC (15) . These findings lead us to hypothesize that pANCA may be a biological marker of psychobiologically distinct subtypes in UC. Therefore, the purpose of this study was to determine if pANCA moderates the strength of the association between UC disease activity and two forms of psychological distress, depressive symptoms and health anxiety.
METHODS
Patients and Procedures
Three hundred sixty-one patients with UC confirmed by endoscopy and biopsy, of at least 18 yr of age, were identified by chart review and contacted by telephone by a research assistant. Patients who had had a colectomy or cardiovascular disease (an exclusion criteria for an aspect of the study not reported here) were excluded. Forty-one percent (148 subjects) consented to participate. Participants made three visits for assessment: (i) an assessment by a gastroenterologist which included history, physical examination, endoscopy, and blood collection, (ii) completion of self-report measure of UC symptoms and psychological surveys, and (iii) a halfday in a stress laboratory for measurement of psychological and physiological variables that are reported elsewhere (16) . All study visits occurred within a 2 wk period with the order of visits determined by convenience (i.e., there was no fixed order to the three visits). Both investigators and subjects were blind to the results of pANCA testing at the time that other measurements were made. Subjects were paid $90 Canadian (approximately $80 US). This study was approved by the Research Ethics Boards of Mount Sinai Hospital and the University Health Network.
Evaluations pANCA status was determined by previously described methods (17) at Prometheus Laboratories (San Diego, CA). Briefly, first the presence of ANCA was determined by fixed neutrophil ELISA. Indirect immunofluorescence staining was then performed on ANCA ELISA-positive samples to determine whether a predominantly perinuclear or cytoplasmic staining pattern was present. The specificity of the perinuclear staining pattern was finally confirmed by its disappearance after deoxyribonuclease treatment of the neutrophils. Results of the assay were considered positive when both the ANCA titer was above a cutoff of 12.1 EU/mL and indirect immunofluorescence revealed a perinuclear binding of ANCA that disappeared after deoxyribonuclease treatment (17) .
Disease activity was measured with the St. Mark's index (18) , which grades general health, abdominal pain, bowel frequency, stool consistency, blood in stool, anorexia, nausea and vomiting, abdominal tenderness, extraintestinal manifestations, fever, and sigmoidoscopic appearance, generating a summary index of severity with scores ranging from 0 to 22.
Depressive symptoms were measured with the Center for Epidemiologic Studies-Depression Scale (CES-D), a 20-item self-report screening instrument (19) . In large community samples, a cutoff of 16 has identified 84-94% of subjects classified as depressed by the Schedule of Affective Disorder and Schizophrenia (SADS) structured interview, and a score of less than 16 has correctly identified 60-64% of subjects not classified as depressed on the SADS (20) .
Health anxiety was measured as the sum of three scales of the Illness Behavior Questionnaire: "Psychological versus Somatic" (e.g., "Do you ever think of illness as a punishment for something that you have done wrong in the past?"), disease conviction (e.g., "If the doctor told you that he or she could find nothing wrong with you, would you believe the doctor?"), and hypochondriasis (e.g., "Are you upset about the way other people take your illness?"). In this scale, 20 questions are answered yes or no, yielding a score of 0-20. Psychometrically, these scales have shown adequate testretest reliability, a significant correlation between self-ratings and spouse ratings, and predicted differences between pain patients and general medical patients (21) .
Statistical Analysis
Demographic variables, disease indices, and psychological variables were compared between pANCA positive and pANCA negative UC by Student's t-test, χ 2 , or MannWhitney U test.
The strength of the linear relationship between UC disease activity and psychological distress was expressed as a Pearson correlation coefficient. The partial correlation between disease activity and depression was calculated for each pANCA group, correcting for age and gender (which were found to differ between pANCA positive and in pANCA negative UC). The Z statistic was used to test the significance of the difference between two correlations: the correlation between disease activity and depression in pANCA positive and this correlation in pANCA negative UC. This analysis was repeated for the relationship between disease activity and health anxiety.
Because the St. Mark's index score includes self-reported symptoms, which can be influenced by patients' reporting style (22) , analyses were repeated using only the items which are observed by the physician (abdominal tenderness, extraintestinal manifestations, fever, and sigmoidoscopic appearance).
Significance was set at p < 0.05 (2-tailed). Analysis was performed with SSPS 13.0 (SPSS Inc., Chicago, IL).
RESULTS
Patients
Seventy-four subjects were pANCA positive and 74 were pANCA negative. The characteristics of the sample are shown in Table 1 . More pANCA positive subjects than pANCA negative subjects were women (58% vs 32%, p < 0.01) and pANCA negative subjects were somewhat older (45.6 ± 12.7 yr vs 41.6 ± 11.7 yr, p < 0.05). Disease characteristics, current disease activity, depression, and health anxiety did not differ by pANCA status (Table 1) .
Psychobiological Interactions
In the entire cohort, significant relationships were found between depressive symptoms and disease activity (partial correlation = 0.32, 95% confidence interval 0.17-0.46, p < 0.001) and between health anxiety and disease activity (partial correlation = 0.41, 95% confidence interval 0.27-0.54, p < 0.001).
Stratification of the cohort by pANCA status yielded a significantly stronger relationship between disease activity and each measure of psychological distress in pANCA negative UC (Fig. 1) . The strength of relationship between disease activity and health anxiety differed between pANCA negative UC and pANCA positive UC even when only physician observed signs of active disease were used ( Table 2 ). The strength of relationship between physician observed signs of active disease and depression did not differ statistically between pANCA negative UC and pANCA positive UC, although the trend was in the same direction (Table 2 ).
CONCLUSIONS
This study shows a moderate to strong association between disease activity and psychological distress in patients who are pANCA negative which was not present in pANCA positive patients. The difference between pANCA groups was consistent for both depressive symptoms and health anxiety. The similarity of results with respect to both depression and health anxiety suggests that UC disease activity is related generally to psychological distress.
Correlations between disease activity and distress decrease somewhat when only physician-rated symptoms of UC are used, which is likely resulting from the lower variance in disease activity ratings that results from using only physicianobservable signs. When testing the difference in these lower correlations between pANCA positive and pANCA negative UC, the difference remains significant for health anxiety but is not statistically significant for depression. Replication in a larger sample is required to test our interpretation that this is resulting from the decreased sensitivity inherent in limiting the measurement of disease activity to physician-rated signs.
The findings of this study are consistent with the hypothesis that pANCA negative UC is a distinct subtype characterized by psychobiological interaction. The identification of subtypes of UC with different psychobiological characteristics may explain inconsistencies in previous studies examining the relationship between disease course and psychological variables. Thus, psychobiological relationships that are only present in a subgroup of UC patients would be diluted in studies that fail to distinguish UC subtypes, and lead to Type II error and inconsistency among studies.
Controlled trials of psychological interventions for maintenance of UC remission are needed, but are only likely to yield positive results if they are appropriately directed toward patients at high risk of psychologically dependent relapse (5). Markers of risk, however, have been lacking. Our study suggests that pANCA status may be a useful marker of psychobiological vulnerability in UC patients. Our results further suggest that pANCA may allow for the identification of patients who are at higher risk of depression when their disease is active, and facilitate increased clinical vigilance for disease-associated depression and earlier psychological intervention. Identification of depressive risk is important in the clinical care of UC patients because comorbid depression has a substantial impact on medical outcomes including increased symptom severity, unexplained physical symptoms, increased use of health care resources, and poor treatment adherence (23) . Depression also increases the impact of active disease on health-related quality of life and function (24) .
Why pANCA status is relevant to psychobiological interaction, and why the individuals at higher risk are those who lack this biological marker, remain unclear. pANCA has been linked to a UC phenotype suggestive of more severe disease course, including treatment-refractory UC (25) , and occurrence of pouchitis after proctocolectomy and ileo-anal anastomosis (26) (27) (28) (29) (30) (31) (32) , although the evidence for each of these associations is inconsistent (33) (34) (35) . It is plausible that psychobiological factors would have greater impact on a less severe form of UC. Thus, one parsimonious explanation is that pANCA is a marker of a more severe subtype of UC in which psychological factors are irrelevant to disease course. The absence of pANCA would then identify the (possibly heterogeneous) remaining subtype(s) in which there is significant interaction between inflammation and psychological factors. It remains to be seen if a positive biological marker of the group with strong psychobiological interaction can be identified. For example, inflammatory processes and depression were found to share a genetic predisposition in a recent twin study (36) . Because the current study measures a concurrent association between disease activity and distress, it is not possible to determine whether disease activity or distress occurred first in our patient population.
The conclusions of this study are limited by its design and the characteristics of the sample. In particular, the subtypes identified are distinct with respect to a concurrent association between disease activity and psychological distress, and we cannot determine causality or temporal sequence in that relationship. However, the nature of the relationship between disease and distress was not the primary focus of this analysis, because we evaluated the relationship only as an index of psychobiological interaction. The conclusions are also limited by the characteristics of the sample studied. The prevalence of pANCA in our sample of 50% was somewhat lower than has typically been found in UC (37) (38) (39) . Because pANCA positive patients may be more likely to require colectomy, the lower prevalence of pANCA may be explained by our exclusion of patients who had undergone colectomy. The participation rate of 41% is likely to be resulting from the time burden of participating in study procedures that are reported elsewhere (16) . Nonetheless, it is possible that self-selection may have introduced a psychological bias.
In summary, for patients with UC a biological subclinical marker, pANCA demarcates a subgroup of UC patients in whom there is strong evidence for an interaction between psychological factors and disease activity. Identification of possible genetic differences between these subgroups, determination of the temporal sequence of disease activity and distress in pANCA negative UC, and the mechanisms underlying the moderating effect of pANCA remain areas for further study.
